Abstract Electrolytes and water transport have been studied in the perfused isolated duct of the rat cauda epididymis in vitro. The rates of reabsorption of sodium, chloride and water and of secretion of potassium were found to be comparable to those in the perfused rat cauda epididymidis in vivo. Sodium reabsorption was isotonic and inhibited by the metabolic uncoupler 2,4-dinitrophenol and cooling. Removal of sodium ions from the intraluminal fluid abolished water reabsorption in the isolated duct. When potassium ions were removed from the peritubular medium the secretion of potassium was abolished, but the reabsorption of sodium and water was unaffected. Under this condition, the reabsorption of chloride was enhanced. Removal of calcium ions from the lumen increased the rates of sodium and water reabsorption and potassium secretion by twofold. Amiloride (10-4 M) added to the intraluminal fluid had no effect on the electrolyte and water transport in the isolated duct, whereas triaminopyrimidine produced a dose-dependent inhibition of sodium and water reabsorption when added to both sides. Sodium and water reabsorption were found to be inhibited by the application of ouabain (10-3 M) to the peritubular side and of ethacrynic acid (10-4 to 10-3 M) to the luminal side. These results are discussed in the light of the recent concepts of isosmotic transepithelial transport.
Epithelia are generally characterized as being "leaky" or "tight," i.e., as having either low or high transepithelial electrical resistance. The low resistance of the epithelium is attributed to the highly conductive paracellular pathways whose main resistance element is thought to be a "tight junction" (MORENO, 1975) . Very recently, triaminopyrimidine (TAP) has been shown to increase the transepithelial resistance in the gall bladder epithelium, by blocking selective sodium channels in the tight junctions (MORENO, 1975) . A similar effect of TAP on the intestine and choroid plexus has also been demonstrated.
Another general concept concerning isosmotic transport is that transporting epithelia such as those of the proximal tubule and mammalian gall bladder possess two pumps handling sodium (KLEINZELLER, 1961; WHITTEMBURY, 1968; GIEBISCH et al., 1973) . One is the classical ATPase-dependent Na+-K+ pump maintaining high K+ and low Na+ in the cytosol; this pump is inhibited by ouabain or the absence of external Kt. The other is a pump handling the extrusion of NaC1 and water in isosmotic proportion across the baso-lateral cell border, responsible probably for transepithelial isosmotic salt and water transport; this pump is inhibited by a diuretic, ethacrynic acid (ETCA).
The aim of the present investigation was to explore in further detail the nature of the isosmotic fluid transfer in the rat epididymis using an isolated preparation of the cauda epididymal duct. Emphasis is laid first on whether the isolated preparation can be used as a model for transport studies, and secondly the mechanism of isosmotic water transport in this preparation along the lines described above by using drugs like amiloride, TAP, ouabain and ETCA. In these experiments, the net fluxes of Na+, Cl-, K+ and water in the isolated duct have been measured. The transepithelial electrical potential difference across the epithelium has also been recorded. with Krebs bicarbonate solution at a rate of 1.5 pl/min. The cannula at the distal end of the duct was dipped into a sample cup for the collection of perfusate. When the composition of the luminal fluid or the peritubular fluid was varied, the tissue was superfused or luminally perfused with the appropriate solutions whose compositions are shown in Table 1 . Determination of the net fluxes of water and electrolytes. The perfusates were collected into sample cups under oil. Each collection was made over a period of about 40 min and had a volume of about 60 pl. The concentrations of Nat and K± in the perfusate were measured by a flame photometer (Zeiss PF 5) and Cl-was determined by a chloridometer (Buchler-Catlove). The net water flux was measured using 41-inulin as a fluid volume marker. Transepithelial net fluxes of Na+, Cl-and K+ were calculated from the perfusion rate and the inulin and electrolyte concentrations in the perfusion fluid and in the collected perfusate . Fluxes were expressed in terms of duct length.
Measurement of transepithelial electrical potential difference. In some experiments, perfusion studies were combined with electrical measurement. The ends of the duct (about 5 cm in length) were tied onto two holding capillaries. One of these (left side in Fig. 1 ) was constructed as a perfusion system. For this purpose a multi-barrelled catheter was constructed by heating and then pulling polyethylene tubing. The catheter was advanced into the holding capillary and fixed at the tip by a polymerizing adhesive (UHU plus(R)). The dead space of the capillary was thus minimized to only a few microliters. By this procedure two single barrels were fitted into the capillary. One of the barrels was for perfusion of the ductal lumen and the other one with its extended into the mid-length of Vol.30, No.1, 1980 the duct was filled with agar-KCl for recording the intraluminal potential . Another agar-KCl electrode was placed in the peritubular solution and the two electrodes were connected to a digital millivolt meter via calomel half cells. During measurement of the transepithelial electrical potential difference, the perfusate was also collected for estimation of the electrolyte and water fluxes. Experimental protocol. Each experiment had the following protocol. After the duct had been set up in the perfusion bath, it was perfused with normal Krebs bicarbonate solution for a period of about 15 min during which no perfusate was collected. The collection was then divided into three consecutive periods. The first period represented the control. In the second period the solutions were changed to the test solutions or the drug was applied into the peritubular medium (or the perfusion fluid when luminal application was desired) and this represented the treatment period. The last 40-min sample was collected after the solutions were restored to normal and denoted as the recovery period.
Drugs. Ouabain (crystalline g-strophanthin) and 2,4-dinitrophenol (2,4-DNP) were obtained from Sigma Chemical Co. Fig. 2 . The effect of intraluminal Na+ ions removal on the rate of (A) net water reabsorption, (B) net Na+ reabsorption,(C) net Cl-reabsorption and (D) net K+ secretion by the isolated duct of the rat cauda epididymidis.
Both sides of the epithelium were perfused by a Nat-free solution for 40 min as indicated. Each point shows the mean+S.E. with the number of observations shown in parentheses. The water, Na+, Cl-and K+ values were obtained from the same samples from six ducts. and indicated an isosmotic water reabsorption in the isolated duct. When Na+ was substituted for by choline, reabsorption of water was abolished and the secretion of K+ was markedly reduced (Fig. 2) . The effect was readily reversible upon restoration of Na+ to the perfusion solution.
The effect of removal of K+ from the peritubular medium is shown in Fig. 3 . When K+ was removed from the bathing medium, the secretion of K+ into the lumen was completely abolished (P<0.05). Na+ and water reabsorption were little affected. The reabsorption of Cl-was, however, enhanced by the absence of peritubular K+ although the difference is not statistically significant. During the recovery period when K+ was restored to the peritubular fluid, K+ secretion resumed and Cl-reabsorption returned to the normal rate.
The effect of changing the intraluminal Ca2+ concentration on the transport of electrolytes and water is shown in Table 3 . When the lumen of the isolated duct of the rat cauda epididymidis was perfused with a Ca2+-free Ringer solution containing EGTA (2 mM), the sodium and water reabsorption rates were increased Fig. 3 . The effect of peritubular K+ ion removal on the rate of (A) net water reabsorption, (B) net Na+ reabsorption,(C) net Cl-reabsorption and (D) net K+ secretion by the isolated duct of the rat cauda epididymidis. The peritubular side of the duct was perfused with a K+-free solution for 40 min as indicated. Each point shows the mean+S.E. with the number of observations shown in parentheses.
The water, Na+, Cl"and K+ values were obtained from the same samples from six ducts.
by twofold. The secretion rate of K+ was also enhanced. These effects were completely reversible upon perfusion of the duct lumen with a solution containing a normal concentration of Ca2+.
Increasing the intraluminal Ca2+ concentration fourfold to 10.56 mm had no effect on the reabsorption of Na+, Cl-and water and secretion of K+ (Table 3) .
Effect of amiloride and TAP
The effect of amiloride is shown in Table 4 . Amiloride (10-4 NO added to the intraluminal fluid produced a slight but insignificant inhibition of the transport of electrolytes and water across the isolated rat cauda epididymidis.
TAP produced a dose-dependent inhibition of the transport of electrolytes and water across the isolated rat cauda epididymidis (Table 5) . At a concentration of 10-3 M and when applied to both sides of the epithelium, it inhibited isosmotic water transport by about 60 %. The secretion of K+ was not affected. When the concentration of TAP was increased to 10-2 M, inhibition of isosmotic Vol.30 transport in the cauda epididymidis of anesthetized rats in vivo and found that body temperature adversely affected these transport processes. Our present experiments, however, did not reveal an acute effect of body temperature on isosmotic water reabsorption in the isolated duct in vitro. It seems that body temperature may require some time to deactivate the transport mechanism. In the in vivo study, reabsorption of Na+ and water was inhibited by about 50% after transposing the cauda epididymidis to the abdomen for four days (WONG et al., 1979) . Since the epithelial activities of the epididymis are recognized as being critical for sperm maturation and surival (see WONG, P.Y.D. et al., 1978) , it is important to understand the mechanisms of transport processes in the epididymis.
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